Antisocial Alcoholism and Serotonin-Related Polymorphisms: Association Tests by Hill, Elizabeth M et al.
University of Nebraska - Lincoln 
DigitalCommons@University of Nebraska - Lincoln 
Faculty Publications, Department of Psychology Psychology, Department of 
2002 
Antisocial Alcoholism and Serotonin-Related Polymorphisms: 
Association Tests 
Elizabeth M. Hill 
University of Detroit Mercy, hillelm@udmercy.edu 
Scott F. Stoltenberg 
University of Nebraska-Lincoln, sstoltenberg2@unl.edu 
Katherine Harris Bullard 
University of Michigan, Ann Arbor 
Sheng Li 
University of Michigan, Ann Arbor 
Robert A. Zucker 
University of Michigan, Ann Arbor 
See next page for additional authors 
Follow this and additional works at: https://digitalcommons.unl.edu/psychfacpub 
 Part of the Psychiatry and Psychology Commons 
Hill, Elizabeth M.; Stoltenberg, Scott F.; Bullard, Katherine Harris; Li, Sheng; Zucker, Robert A.; and 
Burmeister, Marget, "Antisocial Alcoholism and Serotonin-Related Polymorphisms: Association Tests" 
(2002). Faculty Publications, Department of Psychology. 497. 
https://digitalcommons.unl.edu/psychfacpub/497 
This Article is brought to you for free and open access by the Psychology, Department of at 
DigitalCommons@University of Nebraska - Lincoln. It has been accepted for inclusion in Faculty Publications, 
Department of Psychology by an authorized administrator of DigitalCommons@University of Nebraska - Lincoln. 
Authors 
Elizabeth M. Hill, Scott F. Stoltenberg, Katherine Harris Bullard, Sheng Li, Robert A. Zucker, and Marget 
Burmeister 
This article is available at DigitalCommons@University of Nebraska - Lincoln: https://digitalcommons.unl.edu/
psychfacpub/497 
Introduction 
Linkage and association studies have been used to un-
cover the genetic basis of vulnerability to alcoholism. 
Two major long-term efforts of broad scope have used 
linkage analysis. The Collaborative Study on the Genet-
ics of Alcoholism (Reich et al., 1998) has focused on seg-
regation and linkage analyses of a large sample of al-
coholism-dense families ascertained from probands in 
treatment. A complementary effort at the NIAAA Neu-
rogenetics Laboratory (Long et al., 1998) used genet-
ically isolated populations to study association and 
linkage. Both genome-wide linkage analyses found a 
protective effect against alcohol dependence of the re-
gion on chromosome 4 containing genes related to alco-
hol metabolism, alcohol dehydrogenase and aldehyde 
dehydrogenase (Long et al., 1998; Reich et al., 1998). 
Faster metabolism of alcohol to acetaldehyde lowers tol-
erance by causing aversive flushing (Chen et al., 1996). 
In addition, significant locations on chromosomes 1 and 
7 were found in the original Collaborative Study on the 
Genetics of Alcoholism sample (Reich et al., 1998), which 
has been replicated in additional families (Foroud et al., 
2000). In contrast, a site on chromosome 11 showed link-
age in the NIAAA Neurogenetics Laboratory study of a 
Native American sample (Long et al., 1998). 
With the exception of the alcohol dehydrogenase/al-
dehyde dehydrogenase cluster (Thomasson et al., 1993; 
Whitfield, 1994; Chen et al., 1996), association studies 
with alcoholism have not been consistent. Alcoholism, 
broadly defined, is likely to be a complex trait (Lander 
and Schork, 1994), characterized by incomplete pene-
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Abstract
Central serotonin dysfunction appears to be related to a subtype of alcoholism with antisocial impulsive features (type II; antisocial 
alcoholism). The serotonergic deficit may be associated with greater impulsivity, which in turn facilitates both alcohol dependence 
and antisocial behavior. The present study tested association of antisocial impulsive alcoholism with candidate genes related to 
serotonergic neurotransmission, using families. Eight markers were assayed using polymerase chain reaction: tryptophan hy-
droxylase (intron 7), the serotonin transporter SLC6A4 (VNTR 9/12), HTTLPR, the three serotonin receptor types HTR1B (G861C), 
HTR2A (T102C) and HTR2C (Cys23Ser), monoamine oxidase A (T1460C), and (CA)n. Eligible probands had early age of onset of 
alcoholism, child conduct disorder, and two or more symptoms of adult Antisocial Personality Disorder. This sample included 35 
probands, their parents, and some siblings (n = 116). Association tests were conducted using the Haplotype Relative Risk method 
for antisocial alcoholism diagnosis and the George–Elston regression method (the S.A.G.E. program ASSOC) for quantitative an-
tisocial alcoholism severity. Haplotype Relative Risk analyses were not significant at the 0.05 level for any of the markers. Trends 
suggestive for future research occurred for tryptophan hydroxylase and HTR2A. Quantitative ASSOC analyses showed significant 
marker effects (P < 0.05) for both monoamine oxidase A markers, which were in linkage disequilibrium. Antisocial alcoholism 
symptom severity was higher with monoamine oxidase A C homozygotes or hemizygotes, indicating that low monoamine oxidase 
activity may be important. Future studies are needed to examine joint and interactive effects of serotonin-related markers.    
Keywords: alcoholism, genetic association, serotonin, antisocial personality disorder, impulsivity, monoamine oxidase
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trance, phenocopies, heterogeneity, or polygenic inher-
itance; genes, the environment, and  their interactions 
play roles in the etiology of alcoholism. One approach 
to simplify such complexity is to refine the defini-
tion of a disease or to isolate homogeneous subgroups 
more likely to show Mendelian inheritance (Lander and 
Schork, 1994; McGuffin et al., 1994). Criteria that have 
been useful are age at onset, family history, severity, 
and clinical phenotype. Antisocial alcoholism (AAL ) is 
characterized by early age of onset, dense family history 
of alcoholism, and antisocial characteristics (Cloninger 
et al., 1981; Cloninger, 1987; Zucker, 1987; Zucker et al., 
1996). The AAL subtype appears to be more transmis-
sible than broadly defined alcohol dependence, with a 
twofold or threefold greater risk of alcoholism in first-
degree relatives (Reich and Cloninger, 1990; McGue, 
1994), and relative risks for sons of AAL fathers of 6.9 to 
develop AAL (reviewed in Cloninger, 1987). Thus, AAL 
is a promising subtype for genetic analysis because of its 
early age at onset, dense family history, and restricted 
phenotype. 
Association studies at present require the identifica-
tion of a few variants in a small number of genes. Ide-
ally, association studies use functional candidate gene 
markers with demonstrable biological relevance to the 
specific disorder. Evidence is accumulating that AAL is 
associated with low serotonin activity (first proposed by 
Ballenger et al., 1979; see also LeMarquand et al., 1994). 
Virkkunen and Linnoila (1993) presented a model of se-
rotonin effects on drinking, in which they specified a re-
lationship between serotonin and impulsivity, which 
may lead to drinking, which in turn releases previously 
inhibited aggression. Similarly, McGue (1994) proposed 
behavioral under control as the hallmark characteris-
tic underlying AAL. Thus, serotonin-related makers are 
plausible candidate genes for an AAL phenotype (re-
viewed in Hill et al., 1999).
The rate-limiting enzyme in the biosynthesis of sero-
tonin is tryptophan hydroxylase. A family study (sib-
pairs) of an intronic variant found linkage with broadly 
defined alcoholism but not for an AAL subgroup 
(Nielsen et al., 1998). Several genes related to serotonin 
(5-HT) receptors have also been tested in association 
studies. An association of a silent variant in the gene for 
the receptor 5-HT1B/5-HT1Dβ (HTR1B) was reported in 
a Finnish AAL sibpair sample, whereas no linkage was 
shown in a sample of southwestern Native American 
sibpairs (Lappalainen et al., 1998). Other negative asso-
ciation studies include case–control studies of nonAAL 
and variants in the genes for the 5-HT2A receptor and a 
coding variant of 5-HT2C (HTR2C) (Schuckit et al., 1999; 
Himei et al., 2000; Parsian and Cloninger, 2001). Parsian 
and Cloninger (2001) reported an association between 
HTR2A and alcoholism, broadly defined. Lappalainen et 
al. (1999) found no linkage in a sibpair design between 
HTR2C and an AAL phenotype in a group of Finnish vi-
olent offenders. 
Several studies have investigated association between 
markers for serotonin re-uptake. Results for a functional 
promoter variant (HTTLPR) in the serotonin transporter 
gene (SLC6A4) have been mixed. Among Finnish male 
alcoholics (Hallikainen et al., 1999), the S allele was more 
frequent for the AAL subtype compared with controls, 
and similar results were reported for German AAL sub-
jects (Sander et al., 1998). In a study of antisocial alcohol-
ics in Japan, where the L allele is generally less frequent 
(Gelernter et al., 1999), however, the L allele was more 
frequent in AAL subjects than among controls (Ishiguro 
et al., 1999). Hammoumi et al. (1999) tested three differ-
ent polymorphisms in the SLC6A4 gene in male and fe-
male Caucasians of French origin: the HTTLPR, a VNTR 
polymorphism, and a restriction fragment length poly-
morphism. The HTTLPR S-allele showed a significant 
association with broadly defined alcohol dependence, 
and a trend for association of a VNTR polymorphism 
based on numbers of repeats. However, Schuckit et al. 
(1999) reported a significant, opposite association of al-
cohol dependence diagnosis and the HTTLPR genotype 
in Caucasian males. Parsian and Cloninger (2001) also 
reported a higher frequency of the L allele for an AAL 
subgroup, compared with a normal control group. In 
the only family study of HTTLPR, Edenberg et al. (1998) 
found no association with alcohol dependence. This 
large study had ample power to uncover such an asso-
ciation if it existed. 
Markers of monoamine oxidase (MAO) activity (5- 
HT catabolism) have also been of great interest, due 
to previous studies of reduced platelet MAO activity 
among alcoholics with early onset or other AAL features 
(von Knorring et al., 1985; Tabakoff et al., 1988; Sherif 
et al., 1992). In addition, a null mutation in the MAOA 
gene leads to impulsive aggressive outbursts in affected 
males of a single extended family (Brunner, 1993). Af-
fected family members did not show alcoholism, how-
ever. Case–control studies with the AAL subtype have 
examined four MAOA markers: T1460C (EcoRV), 
Fnu4HI, a (CA)n repeat, and a VNTR polymorphism. Al-
though there is some disagreement, overall there is sig-
nificant evidence for association of MAOA with AAL. 
Parsian (1999) found both the T1460C and Fnu mark-
ers significantly associated with AAL, but not the CA re-
peat (see also Parsian and Cloninger, 2001). For an AAL 
subtype, Parsian (1999) verified case–control differ-
ences in haplotypes of MAOA by testing a small sam-
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ple of mothers by the transmission disequilibrium test. 
Gade et al. (1998) found one VNTR allele to be higher 
for substance abuse patients, compared with alcohol-de-
pendent patients. In addition, a functional 30 base pair 
repeat polymorphism in the promoter of MAOA was re-
cently reported to be associated with AAL (Samochow-
iec et al., 1999). 
Although these studies had widely differing criteria 
for subtyping, they all fall within the spirit of AAL as a 
phenotype involving the presence of early onset alcohol 
problems and antisocial traits. Most evidence for these 
associations derives from case–control rather than fam-
ily-based studies. The present study tests associations of 
antisocial-impulsive alcoholism (AAL) with candidate 
genes related to serotonergic neurotransmission, using a 
family-based association design. Men and women with 
both alcohol dependence and antisocial traits were re-
cruited. While alcoholism is certainly a complex pheno-
type, we expected that single gene effects could be de-
tected when using a homogeneous subtype to reduce 
heterogeneity (cf. Lander and Schork, 1994). 
Methods 
Recruitment 
Families were recruited through probands from treat-
ment settings (21/35) and community sources (16/35; 
i.e., posted notices and advertisements). Eligible pro-
bands had early age of onset of alcoholism (< 25 years), 
child conduct disorder, and two or more symptoms 
of adult antisocial personality disorder, using the Di-
agnostic Interview Schedule (DIS-III-R; Robins et al., 
1981). Other comorbid disorders were not exclusion-
ary, except for schizophrenia and bipolar disorder. Pa-
rental psychopathology was not exclusionary, except 
that both parents could not have a history of alcohol-
ism. This sample included 35 probands and their fami-
lies, most involving both biological parents (n = 32), and 
the final three instead involving a mother and a sibling. 
Additional siblings were included if feasible, along with 
two sole probands, resulting in 116 total participants for 
quantitative analysis (66 male, 50 female; 108 Caucasian, 
five Hispanic, three African- American). Proband–par-
ent trios (n = 35) were used for Haplotype Relative Risk 
(HRR) analyses. 
Measures 
DNA analysis 
Genomic DNA was extracted from leucocytes (n = 110) 
or buccal cells (n = 6) using the PUREGENE Kit (Gen-
tra Systems, Minneapolis, Minnesota, USA). Table 1 
describes the polymorphisms for the markers tested, 
showing the restriction enzyme employed and the size 
of the resulting fragments. Polymerase chain reaction 
conditions (e.g., primer sequences and restriction en-
zymes) for markers were also taken from the respec-
tive articles presented in Table 1. In some cases, mi-
nor modifications were made to protocols to optimize 
yield. For specific Polymerase chain reaction conditions 
used for each marker, see http://www-personal.umich.
edu/~sstolten/Work/Hill_PCR_Methods.htm . 
Clinical measures 
All probands were assessed using the DIS-III-R (Rob-
ins et al., 1981). Other assessments for the proband 
focused on features of AAL, specifically impulsiv-
ity and aggression. The Antisocial Behavior Checklist 
(Zucker et al., 1994) was also used to measure specific 
antisocial symptoms. The Family History Assessment 
Module (Rice et al., 1995) was used to collect informa-
tion from the proband on alcoholism, antisocial be-
havior, and substance abuse by first-degree relatives. 
Personal diagnostic interviews were conducted with 
all probands and with the first 24 sets of parents. Sub-
sequently, a brief interview was instituted for the re-
maining 11 sets of parents. Analyses reported in the 
present paper involved the DIS-III-R measures of al-
coholism and antisocial personality. Quantitative 
analyses used a summary variable to capture AAL se-
verity along a continuum, referred to as AALSEV, cal-
culated as the sum of DIS symptoms of both alcohol-
ism and antisocial personality disorder (ALC3RSX + 
ASP3RSX). This quantitative measure parallels the 
diagnosis of AAL, as used in proband recruitment. 
If an individual had no symptoms of alcoholism or 
no symptoms of antisocial personality, the AALSEV 
measure was set to zero (0), to be consistent with the 
conception of AAL as a disorder requiring both prob-
lems. Thus, persons without both types of problems 
had severity of zero. The maximum scores resulted 
from having high levels of symptoms in both disor-
ders. In fact, ASP3RSX has somewhat more weight 
in the AALSEV total, since the maximum number is 
16 symptoms, while the ALC3RSX maximum is nine 
symptoms. AALSEV scores were not available from 
the DIS for 19 parents, because they did not have per-
sonal diagnostic interviews. In 14 cases, family his-
tory interview information was available from the 
Family History Assessment Module and was used to 
impute a quantitative score for AALSEV. 
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Statistical analysis 
Linkage disequilibrium 
Marker data for men were used to test for linkage dis-
equilibrium between the two MAO A markers. Male 
probands and fathers were analyzed separately, using 
the χ2 test (Weir, 1990). 
Transmission probability 
Tests of excess allele transmission were conducted using 
the HRR method (n = 27–35 proband–parent trios). In 
the HRR method (Rubenstein et al., 1981; Falk and Ru-
benstein, 1987), the nontransmitted parental genotypes 
are used to create an artificial control genotype. The 
analysis compares the allele distribution from the af-
fected proband to that of the constructed control, using 
a chi-square test. For X-chromosome markers, only the 
mother’s alleles are included in the HRR chi-square test. 
Quantitative association 
Tests of quantitative association were conducted for 
AAL severity (AALSEV; see earlier), using the George–
Elston (George and Elston, 1987) regression method. 
The Statistical Analysis for Genetic Epidemiology 
(S.A.G.E., 1998) software ASSOC module was em-
ployed, which analyzes marker trait associations in 
pedigree data. In the ASSOC program, one estimates 
and tests the association between a quantitative trait 
and a genetic marker, controlling for the dependence 
between observations from members of the same fam-
ily. The basis of this program is regression; in essence, 
predictors are used to model a continuous dependent 
measure. Maximum likelihood estimation is used, and 
the independent effect of the marker on the dependent 
measure is tested by comparing the statistical likeli-
hood for the pedigree data under the same model with 
and without the marker included as an independent 
variable. 
A loge transformation was applied to AALSEV prior 
to analysis. ASSOC tests assumed an additive model, 
except for HTTLPR, which was tested with a dominance 
model (S/S and S/L versus L/L). To avoid artifactual 
results due to gender differences, X-chromosome mark-
ers were analyzed after collapsing heterozygote women 
into one of the homozygote/hemizygote classes. This 
method is similar to using a dominance model to ana-
lyze an autosomal marker. Specifically, MAOA T/C 
was grouped with T/T and T/0, MAOACA H/L was 
grouped with H/H and H/ 0, and HTR2C Cys/Ser was 
grouped with Ser/Ser and Ser/0. Furthermore, to have 
sufficient group size for analysis, alleles for SLC6A4 
were lumped into three categories: 10/10 or 9/10 versus 
10/12 or 9/12 versus 12/12.  
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Results 
Participants 
Table 2 describes the demographic and clinical charac-
teristics of the participants (probands and parents). Pro-
bands (26 men, 11 women; 35/37 Caucasian) had young 
alcoholism onset (mean, 14.91 ± 3.53 years), and numer-
ous symptoms of alcohol dependence and antisocial 
personality disorder. The nine siblings (five men, four 
women) used in the quantitative ASSOC analyses are 
not shown in Table 2; none were positive for antisocial 
personality disorder. Seven were alcohol dependent. 
All probands met criteria for childhood conduct disor-
der. The most frequent problem behaviors occurring 
during childhood (≤ 15 years old) were “trouble with 
teachers” (71.4%), “lying” (71.4%), “truancy” (71.4%), 
and “stealing” (67.9%). Least often endorsed were “us-
ing weapons” (7.1%) and “firesetting” (28.6%). Most 
frequent adult (>15 years old) problems were “driving 
offenses” (96.4%), “being in debt” (82.1%), “criminal ac-
tivity” (67.9%), and “arrests” (67.9%). Least common 
adult problems were “using aliases” (14.3%) and “fire-
setting” (14.3%). 
Linkage disequilibrium 
Significant linkage disequilibrium is evident between 
the two MAOA markers (male probands, χ52 = 15.23, P = 
0.009; fathers, χ52 = 23.36, P = 0.001). Table 3 presents the 
allele distribution. The MAOAC allele was usually pres-
ent when the CA repeat was ≤ 115. 
HRR results 
Table 4 presents the HRR results. For parental alleles, 
the table lists the proportion of each allele type that was 
transmitted to the proband. Using HTR2A as an ex-
ample, 44 of the 78 parental C alleles were transmitted 
(56%), compared with 20/50 (40%) of the T alleles. Chi-
square tests were not significant at the P < 0.05 level for 
any of these markers (Table 4). A trend suggestive for 
future research occurred for tryptophan hydroxylase, 
with a slight excess of transmitted U alleles (transmit-
ted, 38/66 U, 26/62 L; χ2 = 3.058, P = 0.076). While not 
statistically significant, HTR2A showed a slight excess 
of transmitted C alleles (transmitted, 20/50 T, 44/78 C; 
χ2 = 3.299, P = 0.069).  
Table 2. Demographic and clinical characteristics of participants 
Measure                                                                          Probands 
 Men (n = 26)  Women (n = 11) 
Age (years)  31.0 ± 8.2  33.9 ± 6.5 
Years education  13.3 ± 2.2  14.2 ± 1.9 
Lifetime diagnoses 
Alcohol dependence  100.0%  100.0% 
Antisocial personality disorder  84.6%  44.0% 
Depression  56.0%  77.8% 
Drug abuse/dependence  88.0%  82.0% 
Symptom counts 
Alcoholism symptom count  8.1 ± 1.4  8.4 ± 1.2 
Antisocial symptom count  8.8 ± 3.7  7.5 ± 4.4 
Antisocial alcoholism severity  16.8 ± 4.2  16.0 ± 4.4 
                                                                                           Parents 
 Fathers (n = 32)  Mothers (n = 35) 
Age (years)  60.9 ± 8.6  58.7 ± 10.2 
Years education  14.0 ± 1.9  13.9 ± 1.9 
Lifetime diagnoses 
Alcohol dependence  58.3%  13.1% 
Antisocial personality disorder  8.3%  00.0% 
Depression  12.5%  30.4% 
Drug abuse/dependence  17.7%  8.7% 
Symptom counts 
Alcoholism symptom count  3.6 ± 3.0  0.7 ± 2.0 
Antisocial symptom count  2.5 ± 3.2  0.7 ± 1.9 
Antisocial alcoholism severity  5.3 ± 5.9  1.2 ± 3.5
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Quantitative ASSOC results 
Quantitative ASSOC analyses showed a significant 
marker effect for both MAOA markers (Table 5). Mean 
symptom levels are presented in Table 5 for probands 
and for the entire sample. Proband levels of AALSEV 
were generally high regardless of genotype, whereas 
more variation was shown when examining the full 
sample. AALSEV appeared higher with MAOA C/0 or 
C/C and MAOACA ≤ 115 (L). AALSEV levels appeared 
to be higher for those with the MAOAC allele. Symptom 
levels showed a similar pattern for MAOACA.   
Table 3. Linkage disequilibrium between MAOAT1460C and 
(CA)n markers 
T1460C                                                 CA 
 111 113 115 117 121 123       125     127
Probands 
C 1 12 2 0 1 0 0 0 
T 0 2 0 0 5 1 2 0 
Total 1 14 2 0 6 1 2 0 
Fathers 
C 2 13 4 0 0 0 0 0 
T 0 2 0 1 8 1 0 1 
Total 2 15 4 1 8 0 0 1 
Table 4. Haplotype Relative Risk association analysis results (χ2) 
                             Gene                                                               Parental alleles                                Proband genotype 
Name  Locus  Nontransmitted  Transmitted 
Tryptophan hydroxylase  TPH  U 28 (0.42)  U 38 (0.58)  UU10 (0.28) 
(χ2 = 3.141, P = 0.076)   L3 6 (0.58)  L2 6 (0.42)  UL2 1 (0.58) 
  Total 64  Total 64  LL 5 (0.14) 
    Total 36 
5-HT1B
 receptor  HTR1B  861G 44 (0.49)  861G 45 (0.51)  G/G19 (0.53) 
(χ2 = 0.440, P = 0.835)   861C16 (0.52)  861C15 (0.48)  G/C15 (0.42) 
  Total 60  Total 60  C/C 2 (0.05) 
    Total 36 
5-HT2A receptor  HTR2A  T 30 (0.60)  T 20 (0.40)  TT 5 (0.14) 
(χ2 = 3.299, P = 0.069)   C 34 (0.44)  C 44 (0.56)  TC16 (0.44) 
  Total 64  Total 64  CC16 (0.44) 
    Total 37 
5-HT2C
 receptor  HTR2C  Cys 27 (0.49)  Cys 28 (0.51)  Cys/Cys 29 (0.78) 
(χ2 = 0.109, P = 0.741)   Ser 6 (0.55)  Ser 5 (0.45)  Cys/Ser 4 (0.11) 
  Total 33  Total 33  Ser/Ser 4 (0.11) 
    Total 37 
5-HT transporter  SLC6A4  9 2 (0.67)  9 1 (0.33)  9/90 (0.0) 
(χ2 2 =4.363, P = 0.113)   10 26 (0.62)  1016 (0.38)  9/100 (0.00) 
  12 32 (0.43)  12 43 (0.57)  9/121 (0.03) 
  Total 60  Total 60  10/103 (0.08) 
    10/1213 (0.36) 
    12/1219 (0.53) 
    Total 36 
Transporter promotor  HTTLPR  S 28 (0.51)  S 27 (0.49)  SS 6 (0.17) 
(χ2 = 0.033, P = 0.857)   L3 4 (0.49)  L3 5 (0.51)  SL 21 (0.58) 
  Total 62  Total 62  LL 9 (0.25) 
    Total 36 
Monoamine oxidase A  MAOA  C 21 (0.50)  C 21 (0.50)  CC 23 (0.62) 
(χ2 = 0.000, P =1.00)   T11 (0.50)  T11 (0.50)  CT 3 (0.08) 
  Total 32  Total 32  TT11 (0.30) 
    Total 37 
Monoamine	oxidase	A		 MAOACA		 ≤115	27	(0.65)		 ≤115	22	(0.45)		 L/L	21	(0.60)	
(χ2 = 2.004, P =	0.157)		 	 >115	6	(0.45)		 >11511	(0.65)		 H/L	5	(0.14)	
  Total 33  Total 33  H/H 9 (0.26) 
    Total 35 
Number and proportion of alleles transmitted from parents to probands are shown.The distribution of genotypes for probands is 
also shown.
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Parental subsample 
The samples of fathers and mothers constitute groups 
of independent individuals with a broad range of alco-
hol and antisocial symptoms. About one-half of the fa-
thers were alcohol dependent. All but one of these had 
age of onset prior to age 25 years, and a subset of these 
(n = 13) had two or more symptoms of antisocial person-
ality disorder. Only three mothers had alcohol abuse or 
dependence, but there was variation in AALSEV symp-
tom count. The pattern shown by the parental subgroup 
was examined to determine whether it was consistent 
with the findings from the analyses for the entire group 
of families, which suggested association of AAL with 
MAOA markers. Analysis of variance was used to test 
differences in AALSEV (loge transformed) by genotype. 
Heterozygote C/T women were pooled with the homo-
zygote T/T group, and men and women were analyzed 
together. Higher AALSEV levels were shown by those 
with the C allele [fathers: C/0 (n = 17), 6.47 ± 6.81; T/0 (n 
= 13), 3.85 ± 4.08; mothers: C/C (n = 12), 2.80 ± 4.43; C/T 
(n = 16), 0.81 ± 3.25; T/T (n = 3), 0.0 ± 0.0). The effect of 
genotype was significant [F(1,59) = 4.87, P = 0.031].  
Table 5. Relationship of genotype to severity: numberof symptoms of antisocial alcoholism (AALSEV) 
                                    Gene                                                                   Probands                                           All individuals 
Name                                                Locus                                 Genotype             Mean                       Genotype           Mean 
Tryptophan hydroxylase TPH UU10 17.20 UU 23 10.04 
(χ2 = 2.690, P = 0.101)  UL21  16.71  UL65  7.91 
  LL5  15.80 LL17  5.11 
5-HT1B
 receptor HTR1B  861G/G19  16.94  861G/G 54  8.74 
(χ2 =1.228, P = 0.268)   861G/C15  16.87  861G/C 43  7.44 
  861C/C 2  13.50  861C/C 7  5.71 
5-HT2A
 receptor  HTR2A  TT 5  15.20  TT19  7.47 
(χ2 = 0.102, P = 0.749)   TC16  16.63  TC 43  8.44 
  CC16  17.00  CC 45  7.53 
5-HT2C
 receptor  HTR2C 
(χ2 = 0.132, P = 0.716)  Men  Cys 22  16.73  Cys 53  9.74 
  Ser 4  17.50  Ser 7  16.43 
 Women  Cys/Cys 7  15.43  Cys/Cys 32  4.09 
  Cys/Ser 4  17.00  Cys/Ser14  5.86 
  Ser/Ser 0  —  Ser/Ser1  0.00 
5-HT transporter  SLC6A4  9/9 0  —  9/9 0  —
(χ2 =1.962, P = 0.161)   9/10 0  —  9/101  0.00 
  9/121  22.00  9/12 4  8.75 
  10/10 3  17.00  10/1013  6.69 
  10/1212  16.08  10/12 38  6.55 
  12/1219  16.79  12/12 47  9.45 
Transporter promoter  HTTLPR  SS 6  18.00  SS19  6.79 
(χ2 =1.199, P = 0.273)   SL2 1  16.19  SL5 5  8.51 
  LL 9  17.11  LL 31  7.58 
Monoamine oxidase A  MAOA 
(χ2 =7.079, P = 0.008)  Men  C16  16.56  C 34  11.56 
  T10  17.30  T 26  9.15 
 Women  CC7  17.14  CC21  6.86 
  CT 3  13.00  CT 21  2.48 
  TT1  17.00  TT 4  4.25 
Monoamine oxidase A  MAOACA 
(χ2 = 3.907, P =	0.048)		 Men		 ≤11517		 16.76	 ≤115	36		 11.47	
	 	 >115	9		 17.00		 >115	21	 	10.00	
 Women  L/L 4  17.75  L/L19  5.58 
  H/L5  16.00  H/L2 2  3.73 
  H/H 0  —  H/H 2  0.00 
Quantitative association results for all individuals (ASSOC χ2) are given under each marker name. Mean and n values are presented. 
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Discussion
We found a quantitative association of AAL severity 
with MAOA. The involvement of MAOA in impulsive, 
aggressive or antisocial behavior is well established: The 
most extreme lack of MAOA, a null mutation, was re-
ported in a large extended family with male members 
prone to aggressive, violent outbursts (Brunner, 1993). 
Creation of an MAOA “knock-out” mouse strain that 
is abnormally aggressive confirmed this phenotype in 
an animal model (Cases et al., 1995). Early-onset alco-
hol dependence with antisocial traits has consistently 
been reported to be associated with MAOA alleles that 
imply low MAO activity: MAOA (CA)n, Parsian et 
al. (1995); MAOA (VNTR), Gade et al. (1998); MAOA 
(T1460C), Parsian (1999) and Parsian and Cloninger 
(2001); MAOA–LPR, Samochowiec et al. (1999). Gade et 
al. (1998) found one VNTR allele to be more frequent in 
substance-dependent patients (a group that may have 
AAL characteristics), compared with purely alcohol-de-
pendent patients. However, in adolescent patients with 
early onset substance abuse, the longer repeat alleles (> 
115) of MAOA (CA)n, were nonsignificantly higher than 
for controls (Vanyukov et al., 1995). More recently, Sa-
mochowiec et al. (1999) reported that the low activ-
ity allele of a promoter variant, MAOA LPR, was more 
frequent in male alcoholics with antisocial personal-
ity disorder than in the control population. While the 
MAOA–LPR (Sabol et al., 1998) and the Fnu4HI alleles 
(Hotamisligil and Breakefield, 1991) have demonstrated 
functional differences, the others are presumed to show 
association with AAL due to linkage disequilibrium 
with Fnu4HI. The C allele was found associated with 
shorter-repeat (CA)n ≤ 115 alleles in the current study 
and by Parsian (1999). 
There is converging evidence of association of low 
MAO activity with AAL, but only when studies em-
ploy alcoholism subtypes. We have found association 
of low activity alleles of MAOA with antisocial symp-
toms, a quantitative trait, but no evidence for prefer-
ential transmission of MAO alleles from the mother to 
proband in HRR (since it is X-chromosome linked, no 
MAO allele will be transmitted from the father to a male 
proband). Two points may explain this apparent dis-
crepancy. First, quantitative ASSOC analysis of sever-
ity may in general be more sensitive. More importantly, 
the HRR analysis tests transmission based on diagnosis 
(AAL), and the sample tested here as probands may dif-
fer from those tested in case–control studies. The HRR 
design requires ascertainment of an affected proband 
and both parents, and is considered a very effective way 
to control internally for genetic admixture (Lander and 
Schork, 1994). However, participants with both living 
parents who are willing to volunteer for a lengthy as-
sessment are only a small fraction of affected probands 
with antisocial personality disorder. This may have in-
troduced a selection bias. 
Another issue is that we did not adjust statistically 
for testing multiple polymorphisms. None of our results 
would be significant if a traditional Bonferroni correc-
tion were applied (i.e., nominal  of 0.05/17 tests = cor-
rected  of 0.0029). However, such corrections are gen-
erally too conservative unless sample sizes are very 
large; rather, they increase the likelihood of falsely dis-
missing an important result (Rothman, 1990; Perneger, 
1998). Where analyses are based on a priori hypothe-
ses but power is limited, the latter danger is more criti-
cal. Our sample size provided sufficient power (0.80) to 
show large effects (i.e., differences among group means 
of at least one half of a standard deviation), but only 
weak power to show smaller effects. Overall, our results 
as well as those in the literature are consistent with the 
idea that MAOA is associated with antisocial or impul-
sive features but not with alcoholism, broadly defined. 
It is not clear how a putative MAO association with 
AAL would be reflected in serotonergic neurotransmis-
sion, given several complexities. First, previous research 
showing an association between alcoholism and platelet 
MAO activity may be confounded by another variable, 
smoking, because MAO activity may be inhibited by 
smoking (Whitfield et al., 2000). It is unclear whether the 
relationship between smoking and MAO has a genetic 
basis, but alcohol dependence is probably not indepen-
dently related to platelet MAO (Whitfield et al., 2000). 
In our sample, as in most clinical samples, smoking and 
alcoholism are difficult to analyze separately; most of 
the probands were current or past smokers (84%). How-
ever, the two MAOA markers we analyzed do not re-
late to platelet MAO activity; therefore, smoking may 
not confound the associations reported here. There are 
two forms of this enzyme, MAO–A and MAO–B; plate-
lets express only MAO–B (Berry et al., 1994). 
The second complexity arises because it is not clear 
how the consistent associations found between AAL 
and low MAO activity fit with theories and data sug-
gesting that low serotonin function is linked to impul-
sivity and behavioral under control (reviewed in Hill 
et al., 1999). Serotonin is preferentially degraded by 
MAO–A (reviewed in Shih and Thompson, 1999). Low 
MAO–A is expected to result in higher, not lower levels 
of serotonin in synapses; indeed, the MAOA knock-out 
mouse has ninefold more serotonin in the brain (Cases 
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et al., 1995). Dysregulation in one component could lead 
to adaptation or compensation by other parts of the sys-
tem. To clarify the precise role of MAO in serotoner-
gic neurotransmission at the neural level, future studies 
should simultaneously measure MAO activity, sero-
tonin level and metabolites, behavioral symptomatol-
ogy, and DNA markers. 
Future studies should strive to examine joint and in-
teractive effects of DNA markers. Ten allelic variants in 
the serotonin transporter promoter (Nakamura et al., 
2000) and five in the MAOA area (see earlier) are al-
ready available. Interaction effects could obscure single-
gene effects, and could cause some of the inconsistent 
findings among studies that examined only one marker. 
Interactions between markers are beginning to be inves-
tigated with other phenotypes and markers than those 
tested here; for example, GABAAa6 × HTTLPR effects 
on low response to alcohol (Schuckit et al., 1999), and 
HTR2C × DRD4 effects on personality scales (Ebstein et 
al., 1997; Kuhn et al., 1999). Large sample sizes will be 
required for testing complex effects of multiple genes. 
With methods now available to test association even in 
the presence of population stratification (Pritchard et al., 
2000), population-based quantitative association tests 
may be better suited than family studies to provide the 
large sample sizes required. 
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